Introduction
============

The detection of epidermal growth factor receptor (EGFR) mutations in tumor tissues has been used to predict the response of tyrosine kinase inhibitor (TKI) treatment and thereby guide the treatment for advanced non-small cell lung cancer (NSCLC).[@b1-ott-10-4347]

Although the EGFR TKIs -- gefitinib, erlotinib, and afatinib -- have changed the treatment paradigm for NSCLC among those with EGFR mutation-positive disease, most patients experience disease progression after \~12 months of treatment (range, 8--14 months) due to mutations causing secondary resistance.[@b2-ott-10-4347],[@b3-ott-10-4347] Progression of EGFR-driven NSCLC after EGFR-TKI therapy presents a significant challenge for clinicians with more than half of cases of progression attributed to acquired resistance due to the T790M mutation. In 18% to 30% of patients, the cause of resistance is unknown.[@b4-ott-10-4347],[@b5-ott-10-4347]

There are different options for treatment of progressive disease in EGFR mutation-positive metastatic NSCLC. Because systemic progression after EGFR-TKI is thought to result from the emergence of EGFR-TKI-resistant clones, which may be confirmed with molecular testing at progression, switching to chemotherapy after progression is common.[@b5-ott-10-4347] An effective treatment option for patients with metastatic EGFR T790M mutation-positive NSCLC who progressed on or after EGFR-TKI therapy is osimertinib, a kinase inhibitor that targets this most prevalent secondary mutation.

This report describes an extremely rare case of a poor performance patient with advanced metastatic adenocarcinoma harboring EGFR mutation -- deletion in exon 19 -- who was receiving salvage erlotinib and had a complete response with 81-month-long progression-free survival (PFS).

Erlotinib treatment was tolerated well, without any adverse events (AEs). This was followed by a relapse and subsequent chemotherapy, which led to a nearly complete response, with an overall survival (OS) of 10 years by March 2017. Written informed consent has been provided by the patient to have the case details and all accompanying images published.

This case confirms that EGFR-sensitizing mutation tumors have beneficial predictive and prognostic significance and justifies treatment with TKIs in poor performance status patients with tumors harboring EGFR-sensitizing mutations.

Case report
===========

A 59-year-old, non-smoking, Caucasian female presented in February 2007 with a CT scan of the thorax revealing a tumor mass of 52×49 mm in the upper lobe of the left lung with a few enlarged ipsilateral mediastinal lymph nodes, up to 18 mm. She had no concomitant diseases. Bronchoscopy with transbronchial needle aspiration confirmed adenocarcinoma with negative mediastinal lymph node biopsy findings. Following bone scintigraphy and ultrasonography of the abdomen with normal finding, left upper lobe lung resection with mediastinal lymphadenectomy was performed in February 2007. Adenocarcinoma, acinopapillary subtype, g2, pT2N1Mo was verified ([Figure 1A](#f1-ott-10-4347){ref-type="fig"}). Two cycles of adjuvant carboplatin/gemcitabine were given, but the therapy was stopped due to serious AEs, persistent vomiting and obstipation with the development of ileus. There was no sign of relapse and the patient remained in an excellent condition (Eastern Cooperative Oncology Group Performance Status \[ECOG PS\] 0) until the end of 2007. A year after operation, in February 2008, the disease relapsed and radiofrequency ablation (RFA) of solitary liver metastasis was performed. Three months later, in May 2008, multi-slice computed tomography (MSCT) scan of the thorax and abdomen revealed one metastasis in the left lung (8 mm) and one in the liver (11 mm) in the eighth segment ([Figure 1B and C](#f1-ott-10-4347){ref-type="fig"}) and suspected metastases in enlarged adrenal glands (the lesion in left 32 mm and in right 14 mm in diameter). Following surgeon's decision, explorative laparoscopy was performed with the intent of excision of the new solitary liver lesion, but at the operation 13 liver metastases up to 1 cm in size were identified, with metastases in both adrenal glands. After two cisplatin/docetaxel cycles, further disease progression with PS deteriorated (PS 3) was observed. The patient was advised to pursue the EGFR mutation analysis of the tumor elsewhere, since, at that time, there was no technical possibility to perform this test in our country. In September 2008, a control CT scan of the thorax and abdomen registered further disease progression and the enlargement of liver metastases ([Figure 1D](#f1-ott-10-4347){ref-type="fig"}). Then, by the end of September 2008, erlotinib 150 mg per day as salvage second-line treatment was introduced. This was the only TKI available in the country at that time. A dramatic improvement of PS was noted after 2 weeks, with ECOG PS changing to zero and control CT scan showing a good initial response -- some degree of tumor regression. In December 2008, MSCT of the thorax and abdomen verified excellent tumor response after 2 months of treatment with significant regression of liver metastases -- from 13 down to only 2 ([Figure 2A](#f2-ott-10-4347){ref-type="fig"}) -- and a complete regression of lung and adrenal metastases. Complete regression according to the RECIST 1.1 (Response Evaluation Criteria in Solid Tumors 1.1) continued further. MSCT scan in March 2009 showed no metastasis ([Figure 2B and C](#f2-ott-10-4347){ref-type="fig"}). Each consecutive evaluation, MSCT scans from January 2010 to February 2015, showed the maintenance of the complete response ([Figure 2D--F](#f2-ott-10-4347){ref-type="fig"}).

Mutation testing in January 2012 by real-time PCR (Scorpions-ARMS) on paraffin-embedded tumor blocks (surgical piece) detected deletion of Exon 19 and wild-type KRAS (Kirsten-ras protein gene).

The patient was on Erlotinib therapy alone (with no concurrent medication) for 81 months with no AEs. During this time, the ECOG PS remained 0 and the CT scans of the thorax confirmed durable complete response (last performed in February 2015).

In May 2015, the patient relapsed with jaundice as the first symptom. Positron emission tomography/computed tomography (PET/CT) showed increased fluorodeoxyglucose uptake in lymph nodes of the liver hilum, about 5 cm in diameter, with no other pathologic findings ([Figure 3A](#f3-ott-10-4347){ref-type="fig"}). In June 2015, surgical biopsy was performed, which confirmed metastasis of lung adenocarcinoma. EGFR molecular testing did not reveal T790M mutation.

The treatment was continued with gemcitabine--cisplatin chemotherapy. A total of six cycles were administered by February 2016 with nearly complete response according to the RECIST 1.1 ([Figure 3B](#f3-ott-10-4347){ref-type="fig"}) and ECOG PS of 0. Further on, gemcitabine monotherapy has been administered, with no AEs, which maintained nearly complete response ([Figure 3C](#f3-ott-10-4347){ref-type="fig"}). By March 2017, an OS of 10 years has been reached.

Discussion
==========

EGFR TKIs have revolutionized the treatment for patients with advanced NSCLC and EGFR-activating mutations.

The mutation L858R in exon 21 and the deletion in exon 19 account for \>85% of all clinically important mutations related to TKI sensitivity.[@b1-ott-10-4347],[@b3-ott-10-4347] The female gender, adenocarcinoma histology, never-smoking status, and Asian ethnicity are associated with a significantly greater likelihood of tumors harboring EGFR-activating mutations and thus being responsive to TKI therapy. In Caucasians, only about 11% of patients (range 10%--15%) with NSCLC have tumors that harbor EGFR-activating mutations.[@b6-ott-10-4347],[@b7-ott-10-4347]

Three oral EGFR TKIs -- gefitinib, erlotinib, and afatinib -- are currently recommended as first-line therapy in patients with advanced or metastatic NSCLC harboring EGFR-activating mutations, based on the success of clinical trials in EGFR mutation-positive selected populations.[@b2-ott-10-4347],[@b8-ott-10-4347]--[@b13-ott-10-4347]

According to the Surveillance, Epidemiology, and End Results (SEER) program data, the 5-year relative survival for unselected patients with distant-stage NSCLC is 4.5%.[@b14-ott-10-4347] Likewise, prior lung cancer studies have provided similar estimates of 5-year relative survival \<5%.[@b15-ott-10-4347],[@b16-ott-10-4347] However, gefitinib and erlotinib used in clinical trials as a first-line treatment for patients with advanced NSCLC harboring activating EGFR mutations led to response rates (RRs) of 56%--74%, with a median PFS of 10--14 months and an OS of 20--30 months.[@b2-ott-10-4347],[@b8-ott-10-4347],[@b10-ott-10-4347],[@b17-ott-10-4347]

Although generally acknowledged that TKIs have transformed the outcome of some patients with NSCLC, there has been scarce data to demonstrate the impact of EGFR-TKIs on the long-term survival of patients with activating mutations treated with these agents until recently. The trials LUX-Lung 3 and LUX-Lung 6, which studied OS advantage, showed that median survival on TKIs was prolonged by 12--13 months compared to chemotherapy for patients with exon 19 deletions (but not for the entire population in the trials).[@b11-ott-10-4347],[@b12-ott-10-4347],[@b18-ott-10-4347]--[@b21-ott-10-4347] The lack of OS advantage in clinical trials might be attributable to high crossover rates from chemotherapy to EGFR-TKIs.[@b20-ott-10-4347],[@b21-ott-10-4347]

However, outcomes in patients treated with EGFR-TKIs vary widely, suggesting heterogeneity in the underlying clinical or genetic factors, which may further modify patient's response and influence the ultimate course of disease.[@b5-ott-10-4347],[@b13-ott-10-4347],[@b17-ott-10-4347]

Our patient had all favorable clinical characteristics (female gender, a negative smoking history, and adenocarcinoma histology) and, consistent with it, EGFR-activating mutation -- deletion in exon 19.

In a retrospective study, Shigematsu and Gazdar reported the genomic analysis of more than 2000 NSCLCs; EGFR mutations were found to be more common in adenocarcinoma (30%) and more frequent in lung cancer in never-smokers (45%) than ever-smokers (7%). Many published reports and studies noted similar overall RRs and OS rates despite different geographical locations and regardless of which EGFR-TKI was used.[@b22-ott-10-4347],[@b23-ott-10-4347] The RRs generally ranged from 62% to 83%, and OS ranged from 23 to 39 months.[@b2-ott-10-4347],[@b8-ott-10-4347]--[@b12-ott-10-4347],[@b17-ott-10-4347] However, there are marked differences in response to TKIs' treatment, depending on the type of the activating EGFR mutation.

At present, there is a clear evidence that the presence of EGFR mutations has a predictive value as well as a prognostic one.[@b2-ott-10-4347],[@b3-ott-10-4347],[@b9-ott-10-4347],[@b10-ott-10-4347],[@b13-ott-10-4347],[@b17-ott-10-4347],[@b24-ott-10-4347],[@b25-ott-10-4347]

There are numerous reports on response to TKIs, including erlotinib therapy. The response can be prompt, even in diffuse brain metastatic disease, occasionally leading to a remarkable survival and PFS periods.[@b26-ott-10-4347]--[@b30-ott-10-4347]

Riely et al found 24% of EGRF mutations prevalence with the predominance of EGFR exon 19 deletion (61%), and the patients with this predominant type of mutation had significantly longer median survival than patients with EGFR L858R.[@b30-ott-10-4347]

Spanish Lung Cancer Group (SLCG) analyzing more than 2000 NSCLC cases noted EGFR mutations positive in 16.6%, EGFR exon 19 deletion detected in 62.2%, and the L858R point mutation in 37.8% of the cases.[@b10-ott-10-4347],[@b31-ott-10-4347] The RR was 70.6% with 12.2% complete responses, and a better outcome was associated with the exon 19 deletion than with the L858R mutation.

Gazdar et al[@b1-ott-10-4347] came to a similar conclusion: RR to TKIs in patients with EGFR exon 19 deletion was 70%−90%, and that in patients with EGFR exon 21 mutation was 20%−67%. Patients with EGFR exon 19 deletion also had a significantly longer median survival compared to those with L858R mutation (26--34 vs 8--17 months, respectively).

Our case is the very example of this superior outcome -- durable complete response associated with the exon 19 deletion.[@b1-ott-10-4347]

In a recently published retrospective study of 5-year survival among 137 patients with EGFR-mutant metastatic lung adenocarcinoma treated with an EGFR-TKI, the median PFS was 12.1 months (95% CI: 10.2--13.5) and OS was 30.9 months (95% CI: 28.2--35.7), while 20 patients (14.6%) survived for at least 5 years (range 5.0--7.7 years).[@b17-ott-10-4347] The presence of an EGFR mutation in exon 19 versus in exon 18 or 21 was associated with longer survival (hazard ratio =0.55, 95% confidence interval: 0.38--0.79, *p*=0.001). No difference in survival was seen among patients who received EGFR-TKI treatment as first-, second-, or third-, or greater-line therapy (median OS 30.9, 30.9, and 37.2 months, respectively; *p*=0.74). The association between exon 19 deletion and prolonged survival in patients with advanced NSCLC treated with EGFR-TKIs has been reported by several groups.[@b11-ott-10-4347],[@b12-ott-10-4347],[@b21-ott-10-4347],[@b30-ott-10-4347],[@b31-ott-10-4347] However, the biological mechanisms underlying these apparent differences in outcome, rendered by the EGFR mutations, remain largely unknown.

A long-duration complete response in poor performance status patients, such as our patient, is extremely rarely observed.[@b32-ott-10-4347] In addition, significant treatment-related side effects in this subset of patients are often observed.[@b33-ott-10-4347]

The advantage of oral administration of EGFR-TKIs along with their favorable toxicity profile led to a considerable interest in evaluating their efficacy in poor PS patients with NSCLC. Such was our patient when the treatment with erlotinib was initiated and it subsequently lasted for 81 months, with no adverse effects.

Patients with PS 2 have traditionally been excluded from clinical trials and from receiving standard platinum-based chemotherapy because of their expected high rate of toxicity after such therapy.

In the SLCG study (217 EGFR mutation-positive lung cancer patients), there were no significant differences in PFS related to performance status.[@b10-ott-10-4347],[@b31-ott-10-4347]

Lin and Yang summarized the results of erlotinib or gefitinib in the subsets of patients with advanced NSCLC in poor performance status.[@b34-ott-10-4347],[@b35-ott-10-4347] Several Phase II trials had underrepresented patient population with ECOG PS of 2, while those of PS of 3 or 4 were not included in all chemotherapy treatment studies. Only few studies were designed specifically to establish standard treatment for poor PS patients.

In the randomized Phase II trial of erlotinib versus erlotinib plus carboplatin/paclitaxel in patients with advanced NSCLC and impaired performance status (SWOG S0709), 6.2% of patients in the erlotinib group and 19.0% in combination group experienced serious treatment-related grade 4 AEs. There were no treatment-related deaths. This study has shown the feasibility of using a combination therapy, erlotinib plus chemotherapy, in poor performance status patients.[@b36-ott-10-4347]

Results of relevant clinical trials have not shown significant difference regarding OS and PFS in poor PS patients versus good PS patients treated with TKIs; rather, they suggest that the concern was the safety issue in the population of poor PS patients.[@b2-ott-10-4347],[@b9-ott-10-4347],[@b10-ott-10-4347],[@b21-ott-10-4347],[@b25-ott-10-4347]

Erlotinib was shown to have comparable safety profile with gefitinib and treatment-emergent AEs were noted in \>10% in either group, with no significant differences between the two TKIs, erlotinib and gefitinib.[@b37-ott-10-4347]

A pooled safety analysis of the incidence of severe (grade ≥3) toxicity according to the type of EGFR-TKI administered was done using data extracted from prospective clinical trials including advanced NSCLC patients harboring *EGFR* mutations. There were clinically significant differences in the occurrence of hepatotoxicity, rash, and diarrhea among patients treated with these three EGFR-TKIs, although such differences had been directly investigated in only a limited number of patients to date.[@b25-ott-10-4347]

Although there are some published case reports on the remarkable response to TKI treatment in poor performance status patients with advanced NSCLC, long-duration complete response in poor performance status patients, as is the case described in this paper, is extremely rarely noted. Durable, complete pathologic responses of 10 and 30 months have been described in two patients with metastatic adenocarcinoma of the lung with multiple bone metastases treated with erlotinib.[@b32-ott-10-4347]

More often, long-term partial remission achieved with erlotinib therapy is reported.[@b8-ott-10-4347]--[@b12-ott-10-4347],[@b21-ott-10-4347],[@b35-ott-10-4347]

Our patient has had disease relapse after 81 months of complete response (PFS) at 67 years of age. Jaundice was a first symptom. Metastasis was in lymph nodes of the liver hilum. Patient had deterioration of PS (ECOG PS 2). Subsequent surgical biopsy was performed and metastasis of lung adenocarcinoma was confirmed. EGFR molecular testing did not reveal T790M mutation. The treatment choice was chemotherapy, cisplatin/gemcitabine regimen. A total of six cycles were administered with nearly complete response and ECOG performance status 0. Further on, gemcitabine monotherapy has been administered with nearly complete response maintained and survival time of 10 years by March 2017.

Most patients with EGFR mutation-positive disease experience disease progression after \~12 months (range 8--14 months) of treatment due to secondary resistance mutations, and this progression of EGFR-driven NSCLC after EGFR-TKI therapy presents a significant challenge for clinicians.[@b2-ott-10-4347]--[@b5-ott-10-4347],[@b13-ott-10-4347] There are several mechanisms of acquired resistance to EGFR-TKIs, the most common being (in \~60% of cases) the result of a secondary point mutation in exon 20 of the *EGFR* gene, T790M \[15--20\]. In 18%--30% of patients, the cause of resistance is unknown.[@b4-ott-10-4347],[@b5-ott-10-4347]

Few effective options were available on progression until the introduction of osimertinib, a kinase inhibitor that targets the most prevalent T790M mutation, recently approved for treatment of patients with metastatic EGFR T790M mutation-positive NSCLC, who progressed on or after EGFR-TKI therapy. Thus, performing molecular testing at progression is critically important to identify patients with or without the T790M mutation. Furthermore, plasma-based testing for the T790M mutation is another option that may prevent the need for a metastasis biopsy in a significant subset of patients. Treatment options are based on the mechanism of resistance to the initial EGFR-TKI treatment, whether the patient is symptomatic or asymptomatic, which is the metastatic site, and whether isolated or multiple lesions. Because systemic progression after EGFR-TKI is thought to result from the emergence of EGFR-TKI-resistant clones, switching to chemotherapy after progression is common, although it is justified in case of exclusion of T790M as the resistance mechanism as was the case with our patient who is alive and well with nearly complete remission 10 years after diagnosis of lung adenocarcinoma was established, and is aged 69 now.[@b13-ott-10-4347]

Although many studies have focused on first-line EGFR-TKI treatment for elderly patients, the treatment efficacy of second-line salvage chemotherapy for elderly patients remains unknown with the controversy over which chemotherapy regimen or agent to use after disease progression due to acquired resistance after first-line EGFR-TKI treatment. A retrospective analysis was performed on 330 stage IV adenocarcinoma patients with an EGFR mutation who received first-line TKI treatment and, following disease progression, subsequent salvage chemotherapy, 160 being ≥70 years old (elderly group) and 170 being \<70 years old (younger group). The RR and PFS with first-line TKI treatment were not significantly different. The elderly group had shorter median survival. The RRs to salvage chemotherapy were not significantly different regarding the age group. PFS did not differ significantly as well between the younger and older patients (5.1 vs 3.5 months, *p*=0.070). However, the OS of the younger patients was significantly longer than that of the older group (26.5 vs 21.3 months, *p*=0.021; and 18.2 vs 10.9 months, *p*=0.014, respectively, for EGFR-TKI and subsequent salvage chemotherapy). Elderly patients who received second-line salvage chemotherapy had a median OS of \~10.9 months, which is longer than the OS of patients who received the best supportive care.[@b5-ott-10-4347]

Goldberg et al compared chemotherapy plus erlotinib with chemotherapy alone in advanced NSCLC patients who had received first-line EGFR-TKI and had acquired resistance. An improved RR (63% vs 21%; *p*=0.02) was seen, but no significant difference was found in PFS (4.4 vs 4.2 months; *p*=0.5) or OS (14.2 vs 15.0 months; *p*=0.37).[@b38-ott-10-4347]

Conclusion
==========

Individualized lung cancer treatment in the subgroup of patients with sensitizing EGFR mutation has brought about a benefit in survival and quality of life in this subgroup of patients, which has not been obtained until now with modern chemotherapy. We presented the case of a poor performance status patient (PS 3) with metastatic lung adenocarcinoma harboring deletion in exon 19 of *EGFR* gene, treated with erlotinib without any AE, who achieved a durable complete response of over 81 months with excellent quality of life. Following histologic confirmation of tumor relapse, T790 mutation negative, salvage chemotherapy cisplatin/gemcitabine was introduced with nearly complete response after six cycles, continued with monotherapy gemcitabine, well tolerated. The patient is alive 10 years after lung adenocarcinoma was diagnosed, maintaining nearly complete response. Such rare case of complete response to TKI therapy in a poor PS patient, with long PFS and OS achieved, justifies TKI treatment approach in poor PS patients with EGFR-sensitizing tumors and furthermore points to the feasibility of administering chemotherapy at the time of relapse.
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![Initial histology and CT findings.\
**Notes:** (**A**) Microphotograph of adenocarcinoma, acinopapillary subtype. H&E staining, magnification ×40. (**B**) Axial CT in lung window with solitary nodule in left upper lobe (arrow). (**C**) Axial CT of abdomen shows solitary liver metastasis (arrow) close to ablation zone in eighth segment. (**D**) Follow-up CT revealed multiple liver metastases (arrowheads).](ott-10-4347Fig1){#f1-ott-10-4347}

![Subsequent CT findings.\
**Notes:** (**A**) Follow-up CT after 2 months' treatment shows only two small liver metastases (arrowheads). (**B** and **C**) Follow-up CTs of abdomen and thorax from March 2009 show no metastases. (**D**) Follow-up CT of abdomen from 2012 without liver metastases. (**E** and **F**) Follow-up CTs of thorax from 2010 and 2012 show no lung metastases.](ott-10-4347Fig2){#f2-ott-10-4347}

![CT finding of disease progression on erlotinib treatment.\
**Notes:** (**A**) Enlarged lymph nodes of the liver hilum -- about 5 cm in diameter (arrows). (**B**) Follow-up after six cycles of gemcitabine--cisplatin chemotherapy; nearly complete response (arrows). (**C**) Contrast-enhanced axial CT of abdomen shows small hypodenze node in the liver hilim is unchanged compared with previous CT; nearly complete response (arrows).](ott-10-4347Fig3){#f3-ott-10-4347}
